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Improvements in or relating to Sodium Vapour electric discharge 

lamps 



We, The General Electric Company 
Limited^ of Magnet House, Kdngsway, 
LsMidoai, W.C.2, a Britisli Ocanpany, do Keare-- 
by dsdaite .the inveatioa, for which we paray 
that a patent may be granted ifio us, and tbe 
method by whiich it is to be performed, to b& 
pardcuiaxly described m and by the Miowing 
statement : — 

This invemjiotn relaijes ito iscrdiium vapour 
elfictric discharge lamps of the positive coilumn 
type having an edoaigated tubular discharge 
envdope corutaia'ing ai pair of theimdonically- 
emissdoai electrodes located at opposite ends 
of the envelope, a quaintiity of sod&um for pro- 
viddng for a low piressure sodium vapour elec- 
tric Sscharge bscween the electirodes in nor- 
•nral operatioa of the lamp, an^j a fiHing cf 
arare 'gas for enaibdiog the femp to starl: and 
the Kodiium] vapcjur ekccrk discharge to be 
developed, and odajtes painiacularly to such 
lamps in which die region of die discharge 
envelope bstween the dectrodes coinsi&ts of or 
indudes one or more axially sitraight parts, 
that as to say ooe or mone parte for which 
the coTinesponding length of the tube axis 
is straight. 

The "term " low pressure " implies that the 
lamp is of die kind in which tihe sodium 
vapOfur piressuTe in normal operation is much 
less idian 1 rmillimeitjre mercury, usually about 
O.OI millimetse xnercury. 

The form of sodium vapour dectric dis- 
chaiigc laaxxp whx^ is in most aMnmon use at 
the presont dm© has a dtsch^ge envelope 
formed of substansti^ly circukr section tub- 
ing bent into the shape of the letter U, con- 
sisting of icvpo paralld straighn: limbs joined 
by a short curved poctson, and surrounded by 
a heat-conserving ouicer jacto; the invention 
is particularly, 'Sicugh not exdusivdy, oon- 
csmed wirh sodium vapour lamps ctf this 
kind. 



One difficulty which has otoi been experi- 
enced with sodium vapour lamps of the type 
fipecsOiod is diat the sodium fiUing, which is 
preferably initially distribuijed aloaig the lengdii 
of the disdharge padi, tends (to migrats, due 
to the phenoanenon of thormal diffusion, 
towards ithe parts of the envdope wHch re- 
main rdativdy cool in operation. Sixh parts 
may be few in mmiber and spaced widely 
apart, and diis can result in other parts of <ihe 
envdope beooming starved of sodiiim vapour, 
widi a consequent reductiocL in the light out- 
put from parts and a fall in the effi- 
dency of the lamp as a whole. 

The resultant loss in effidency brougiht 
about by nihe ndgiraition of the sodsum fil'VT*g 
within die envdope oftm limits die usefid 
dif e of a sodium; lamp of die type spedfied ito 
an undesirably low valaie, and the object of 
the present invention is to provide a form of 
lamp in whidi dais difficulty is reduced. 

According to die invention in a sodiima 
vapour dsctric dischairge lamp of .die type 
specified having a tubular dischasrge envdope 
formed fiom substaojtially circular section 
tubing and having do die region between die 
dectiodss at least one axially straight part, the 
or eadi said straight part of the envelope is 
formed with aj plurality .of fiattmed regions of 
rdativdy long axial length separated by 
interniiediaite regions of idatively short axial 
lengdi having di:e f ul substaoitiaiUy drcular 
Qici^ of CFOS&-section of die tfubisng, die 
flaticened regions of dxe envdope each havji^ 
an area of cross-sectim between one quaotier 
and three-quarters diat of dte intermediate 
regions and having in eadi cross-^eodm of due 
region a maximum diameter vdiich is not less 
dian diat of die intermediate regions. 

In the above s(tatemmt of die invention and 
hereinafter die expression "cross-action'* as 
to tubk^ forming the discharge 



45 



50 



55 



60 



65 



70 



7$ 



80 



envelope means tie intern^ crossHseotbn! of 
the tubiag at right angles ftx> its axis. 

In opeiation of such a lamp /the flatJtjeasd 
regions are maintained at a highar itempera- 

..5 iture that the intermedaace regions owing to 
die gineatjetr curicnt d^snsiity widiin "them com- 
pazied wdich that ia itihe dntermediate regions; 
sihe dntennsdiate leg^ons ithus constitute trela- 
itsvdLy cool pairts of the enveloipe ait which die 

10 sodium fiMing tiend-s m collect due it!0 ttharmal 
diffpsioa, die piresence of tthe sodium in the 
(regions diereby itsoding to Iceep the adjoining 
flaitDened regions supplied with sodium vap our 
an use of the lamp. The iatennediate sreigions 

15 should, of course, be suitably closely spaced 
along die discharge envelope. 

On ithe other hand the flaittened regions 
should he sufficiently long, and anranged to 
operate at such a temperatuiie with respect to 

20 the iutennediate regioes, that the transfer of 
sodium ifirom one (intermediate region to the 
next is substantially avoided. The tanpeta- 
ture at which the flattened regions are rnain^ 
tained in use of the iamp will be determined 

25 by itheir ctoss-^ecdonail area compared with 
that of die imermediate tregtoins, and the 
smaller dieir cross-sectnon (the higher in 
gensraii, waU be dieLr opanating temperature. 
The GTOs^-seotional Qiea of each flattened 

30 regnm* Is pidferably apptnoximatelly one half 
of diat of die intermediafte regions. 

Pnefierably lin each flattiened region of the 
envelope, ithe envelope wajll is flattened on 
opposite sides of die tube axis, widi die 

35 flautened parts of the envelope wall hi said 
region prierably lyiag parallel to each other. 

Since die maximum diameter of each of 
die flattened regions of the envelope is not 
less dian die diam'etar of die inuermediate 

40 regions, diene wall be no apprs-oiable reduc- 
tion on die widdi of the discharge in a 
flattened region as measured in the direc- 
don of die maximum dikmeters; die anitial 
light output fbom a said flattened region per- 

45 pendicularly to the maximum diameter will 
not, di«irf<jie, be significandy less than that 
obtainable in die same direction from a cor- 
responding lengdi of a similar lamp having 
die same csEioss-secmon as die intermediate 

5f iD^^tons, and may, in fact, be greater, depend- 
ing upon die particular dimensions of die 
flattened region, an view of the inoreassd cur- 
rent density. By a suitable ohodoe in the num- 
ber and size of die flattened regions the Ught 

55 output may in some cases be increased to 
suci an extent that die total light output from 
die lamp as a whole is improved, despite die 
(Twiucmon in light output in direction parallel 
to the maximum diameters resuldng from die 

60 naiirowing of die discharge in die minimum 
widdi direcricns of the flattened regions. 

In addttbn owing to die zteduotion in the 
irate of sodium nugradon the light output 
from a lamp in accordance widi die invention 

65 ds maintained more nearly constant over a 



longer period of (time than is usually the case 
with sodium lamps of die type specified, the 
improved lumen maintenance thereby lenab- 
iing a particularly long useful lamp life to 
be obtained. 7C 

Preferably the maximum diameter of each 
flattened re^on is die same as diat of the 
intermediate legions. In some cases however 
it may be sli^tly larger, although it will be 
appKciated imat it should not be so large 75 
diat die edges of die flattened regEons, dss- 
pitse die increased currenit density, are no 
longer maintained at a higher temperature 
dian* are die intermediate regions in use cf 
the lamp, and provide relativdy cold parts of 80 
die envelope at which the sodium condenses, 
sincse dirs could lead to the sodium gradually 
migrating along the edges from one inter- 
mediate region to anodier. 

The reduction in light output in direc- 85 
tions parallel to the said maximum diameters 
of the flattened regions will in many cases 
be an advantage rather dian a disadvantage. 

For example a light source designed for 
street lighting purposes ds usually required to 90 
provide a light distribution having two direc- 
tions of mastimmn intensity extending gener- 
aly up and down die roadway, widi die inten- 
sity falling ojf- gradually below diose directions 
to a minuimum value immediately beneath 95 
the light source. In lamps in accordance with 
the present invention for use in street lighting 
and other purposes requiring a similar light 
distribution die different flattened regions of 
die envelope are preferably aroanged parallel 
to each odier. Such a lamp, when mounted 
with its axis horizontal, as is usually die case 
widi sodium lamps, can t^en be arranged with 
di:e flattened regions approximately vertical, 
so that the directions of maximum Mght out- 105 
put extend approximately horizonitally cut- 
wards on opposite sides of the lamp axis; the 
light intensity in .transverese vertical planes 
will then fall gradually to a minimum value 
immediately beneath die lamp, diereby giving 110 
a ligjht distribution of .the form which is 
gen<^ally required for street lighting. 

Where the lamp has a U-shaped envelope 
arranged to be mounted with one of the limbs 
of the envelope immediately above the other, 115 
the flattened regions of bodi- lambs of the 
envelope are .preferably arranged parallel to 
the plane contatming the axes of the limbs, 
preferably being arranged with the maximum 
diameters lying in die said plane. 120 

In one such lamp comprising U-shap:d dis- 
charge envelope havkig .two parallel limbs 
each approximately 30 centimetres in length 
and in which the -intermediate regions had a 
diameter of appro^dmately 14 milliinetrss with 123 
the area of cross-section of the flattened 
•leglons approximately one half that cf the 
intermediate regions, good results as regards 
die reduction in sodium migration have been 
obtained by providing in each limb of the 130 
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niately 50 to 75 mitltlimetres img soparaited by 
initermediate regions approximateiy 5 t-a 20 
imltatetres long. HovTsevieir, the most suit- 
5 able dimensioiiis of the flattened i^gions asad 
dnermeddajte tnegknns, and lihe most suaitabie 
number for ctoiEaiiiiiiiig a BatisfadtJOiry coeduatioTi 
ia sodiimi migrasckxn: in any piamcular iaamp 
may readily be found by tjrial. Oth»r anrange- 
10 ments of tbe flattened regitcns can, of course, 
also be employed. Ttos m some cases- tte 
enveliQipe waM an each flatuened ttegkm of the 
enivebpe may be flaititeaxad oeq one side only 
of the tube asd'Sj 23ad m a daxop of ichds Idnd 
15 lisvkig a U-rSsha<psd dsiscJsaiPge eaoiveitope pro- 
vided in eacii hmb of ithe envelope widi a 
plniTaHty of flattsned regjons, the flattened 
parts <rf iihe envelops waM can oonvenieoitly be 
fcormed dm- (the sides of iihe ^two Idmibs of the 
20 envelope fadng otctwards -away from each 
other, with itihe flaittened pairts of the two iimhs 
panra^iel to oooe aaosodber. 

In one lamp in accordancse with ithe pre- 
sent invendon having a U-shaped discharge 
25 envelopea Jthe earwdope is mounted within a 
sdngle-waHed evacuated outer jacket, and each 
limb of the envelope is indivMoiaiUy pcovided, 
in acocrdance widi ithe invention described in 
Patent Spedficaition No. 801,482, -with a sleeve 
30 of itranspafrena: heat^nsulaisiag snajtarid which 
fits dosely around the Mmb saxd extsods sub- 
staniaaHy stte whiote -lengfth thereof. However, 
die iaveaticm is also applicable to lamps of 
<die kind employjiig a double-waHed outer 
35 jacket, ccmioinly known as a Oewair jacket, 
withan whidh a U-shaped discharge envelope 
is ainrainged to be detacbably moamted for 
oparaidfon of d);e lamp wMi air present in the 
space between the envelope and die inc^r 
40 wall of the outer jacket. 

The JCemperatusre of the curved part of a 
U-shaped discharge envelope tends, in general, 
to be lower thaa the iimbs, and in crder to 
maintain ithrs paat at a high tempeiratuire the 
45 outer surface of the envelope at die curved 
end may be provided witih a beat-ceflecdng 
coamiijg, for example a: layer of silver or 
pdaidxnmi pasat. 

This assists in {reducing any tesukncy for 
50 Ithe sodhim nx> mi^:a!te fiiiomi il^e upper tEo the 
tewer liimib of the envelope in opeiration of 
lie lamp. 

However the invention is not restricted to 
lamps of the land having a U-shaped dis- 

55 charge venvdope, but can also be applied to 
lamps employing a dischatge envelope dn the 
form of a ^jugle straigjit tubtdar seadon lav- 
ing an eleotrode at each end. 

In view of the increased current density 

60 within the flattentd r^ons of the envelope 
of a lamp an accordance with the invention 
and the oonsequsaiidy inoneased :t3empierature 
of Ithe envelope waM in said tegiions at least 
the paiit of emveilnpe odoomiediaiteiLy boaxnd- 

65 ing the <fischarge space shoidd be formed cf 



a glass whichi is highly resistant to hot soidium 
vapour so that it does not become appreciably 
disookwred dn use of the lamp. One sudb. 
glass is a borate glass having the following 
approidmate ccmpcsdtion by weight: — 70 
BnO, - - 25,0% 
K3O - - 5.5% 
CaO - - 9.0% 
BaO - - 36.0% 
AI3O3 - - 24.5% 75 
Other suitable glasses will, however, be 
appaient to those skilled in the ant of glass 
tedmoitogy, la somfe cases the whole of the 
envieOfope may be formed of said sodiimi 
r^isitant gjlos^ aibtbough in general it will 80 
usually be moipe oanvendenit to foirm the 
tubular envelope maiinly of a- different glass, 
for example a commm soda g^ass, provided 
with an inteimail coadng of sodium resistant 
glass. 85 

One lamp in accordance with the ptnesent 
invention bavimg a U-shaped dis-diarge 
envelope sealed within a single-waMed cvacu- 
aited outer jacket will now be described by 
way of example with reference to Figures I 
to 3 of the schematic drawing acxrampanydng 
the provisional specification in which : — 

Figures 1 and 2 represent a plan view and 
a si^ck view respectively of the lamp with the 
outer jacket shown in part-seotion; 95 

Figure 3 represents a transverse section 
ribrough the lamp in* the plane represented by 
the line XX of Figuue 2. 

Thus refepning to the drawing the U-^haped 
tubular glaiss di^haige envelope 1, which has 100 
two parallel straight ilimbs, each aipproaimately 
32 centimetres long Joined by a shoat curved 
porniion, is formed from two-ply tubing, con- 
sisting mainly of soda glass with an daternal 
coating of sodium resistant borate glass, hav- 105 
ing an imtennail diameioer of about 14 milli- 
metres and a waibl thickness x>f about 1 xmll)i- 
metrc. 

The envelope is filled with neon containing 
approcdmately 1.0% kryptron and 0.1% xenon 110 
at a .total pressure of about 14 millibnietre 
mercury. 

The lamp eleotrodes 2, which are of idie 
alk^Lme earth oxide kind employed in kniown 
foecms of sodiium lamp, ate mounted near the 115 
ends of die discharge envelope to provide 
ain arc length 'of approximately 600 miUi- 
metries. 

The discharge envelope itself is moimted 
within a cylindrical glass outer jacket 3 of 120 
50 milimetres external dxameoer and having a 
waill thackness of about 15 miMimetre, Sie 
ja-c^et being closed at one end by a iemi- 
sphericai dome 4 and at die other end by a 
pinched foiot-tube 5. 125 

Two stout mounting wires 6 are sealed 
into the pindi 7 cf the foot-tube, the ends of 
the wires within the jadcct 3 being hem out- 
wards Q!way from each other as shown in 
Figure 1, aaad each being oonoectcd, foe 130 



example by spoit-welding, to the ends aa 
appropriaie pair of electrode leads 8. These 
moTinijmg wires 6 ocwmeot the dectrode leads 
8 mo ithe tjermiinals 10 of a bayonet type lamp 
cap 11 secured to the adjacent end of the 
Jacket by a suitable cement and also siipporc 
the adjacent end of .the dischairge envelope 1 
within the jacket. A ckcular mica disc 9, hav- 
ing sl=ots throng which die pinched ends 

19 of (Che Jimbs of dischairge envelope project, 
extends outwards into contact with innsr sur- 
face of the outer jacket and assists in sup- 
porting the adjacent end of .the discharge 
eaQy«dope against lateral movement within the 

Ip jacket; 

Over ^ch limb of the discharge envelope 1 
is fitted a cylindrical plass sleeve 12 (shown 
pazidy m seodon on Fdguies 1 and 2) having 
an internal diameter of a^^iroximately 18 

20 miliLHnetres and a wall ithidoiess of about 0.5 
to 0.75 mdillimetire» die sleeves extending sub- 
StandaMy the whole leoigth of the limbs. 

A metal spring member 13 fits between the 
limbs at drs curved end of die discharge 

25 envelope and is ^provided with ooitwardly- 
directed flanges 14 which bear agadnst the 
adjacent ends of die sleeves and urge their 
opposite ends against die disc 9, die disc 
and the member dius supporting die sleeve 

30 against axial movement on die limbs; die 
disc 9 it itself held in position by means of 
a pair of metal starting wires 15 which are 
each connected to an appropz^iaite one of die 
moozodng wilces 6, pass diiiough corre&pond- 

35 mg holes an die disc^ and are anehored at die 
opposite end of die envelope itx> a- mica tap 
16 cairaied by a spring clip 17 which fits over 
diat end of die envelope 1 and supports it 
against transverse movement within die outer 

40 jacket as described in Patent Spedficadon No. 
815,782. 

The spring member 13 is also provided 
widi spring fingers 18 which extejid into die 
space between die adjacent ends of the sleeves 

45 and the iDespecnitve limbs of the envelops for 
prevendng die ends of die sleeves from rattling 
on die limbs. 

The outer jadcet 3 is evacuated and con- 
tains two getter elements 19 attached to the 

50 moundng wires 6 on opposite sides of die 
foot-cuibe 5 for cleaning up residual gas and 
for mainta-inbg die vacuum widiiii die ja-cket 
duriRg die (life of die lamp. 

In accordance widi the inventcnn each hmb 

55 of the discharge envelope is formed with 
diree flattened regions 20 each approximateiy 
60 imUimetres in length, die flattening being 
effected so diat the major axis of each flattened 
re^Oitt lies in the plane containing the axes 

60 of die two limbs of die disdiarge envelope; 
die flattened ades of each flattened region are 
substantially parallel to each odier and to 
diose of the other flattensd regions and are 
internally spaced apart a distance of between 

65 7 and 8 millimotres. The extoeme ends of die 



two outer flattened regions are approximately 
equally spaced foom the adjacent ends of die 
limbs and th:* intermediate regions of the 
envelope 21^ which have die full cross-secdon 
of the tube, aire approximately 15 mlBimeties 70 
in lengdi. 

With such a form of discharge mvelope die 
rate of sodium migration is considerably 
reduced, and the light output is consequently 
maintained at a stable value f-or a longer 75 
period dian would otherwise be die case. 

The lampa which is designed particularly 
for street lighting purposes, is arranged to be 
operated widi die limbs approximajteiy hori- 
zomtal and with one dizecdy above the o'dier 80 
as is usually d^ case wMi known sodium 
vapour lamps of die Idnd having U-shaped 
discharge envelopes employed for si3Pe:et light- 
ing. Since die internal diameter of die two 
limbs of the envelope in vertical planes is con- 85 
stant along die lengdi of die limbs tdieiie is no 
reduction on die widdi of die discharge in 
vertical planes, and owing itjo die increased 
current density in die flattened regions the 
initial light output from die lamp in hori- 90 
zontd directions is significantiy greater dian 
that obtained frcm a similar lamp in which 
the envelope is formed of die same diameter 
tubing but not provided with flattened regions. 

The flattening of die envelope is con- 95 
veniendy effected in manufacture of die lamp 
by hsadng die appropriate rsgions of the 
nibular envelope wak before sealing off to an 
appropriately htpgh temperaiture, and pisessing 
H&s iheat-softened regions inwards between 100 
opposed dies whilst me pressure widiin die 
envelope is maintained at slighdy greater 
dian aitmosphoric pr^sure. 

WHAT WE CLAIM IS: — 

1. A sodium vapour electric discharge lamp 105 
of the type specified having a tubular dis- 
charge envelope formed from subsitantially 
circular section tubing having in the region 
between the electrodes at least one axially 
straight part, wherein ithe, or each said 110 
straight part of ithe envelope is formed with 

a plurality of flattened regions of relatively 
long axial length, separated by intermediate 
(regions of relatively :^oitt axial length having 
the fidl subsitaBtiailly circular area of cax)ss- 115 
section «f -the tubing, the flatten'ed regions of 
die enwelcpe each having an area of cross- 
section between one quarter and three-quarters 
that of the intermediate regions and having in 
each cross-sectiodi of di;e region a maximum 120 
diaameter v/hich is not les than that of the 
intermediate re^ons. 

2. A sodium vapour electric discharge lamp 
according to Claim 1 wherein the cross-sec- 
donal area of each flattened region is appn>xi- 125 
mately one half of that of the intermediate 
regions. 

3. A sodium vapour electric discharge lamp 
according to Claim 1 or 2, wherein in eadi 
flattened region of the envelopei die envelope 130 
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vnM. is fbtttessied ^ opposite wAss (Ehe tube 
axls^ wixh. ithe fiaitimed pacts of itSie eavdoipe 
waiR m said (region lyssag ipaiaOd: to each other. 

4. A sx>dium vaipour deatcic dischairge Qanap 
5 acooidiiig to Qaiia 3 whereinj the flattjened 

parts of 'the eaiveloipe wail in rhe different 
flautesned iregioiis are all paraillel to each other. 

5. A sodium vajpour dieatric dischaxgie lamp 
accordoag iDo aixy preoediing claim whieredni the 

10 nminmia daomeiteff of eacfi flattened region ds 
the same as ithat of the interm^ate ire^oass. 

6. A sadiimi vapour eleotiric dischargs lamp 
according to any preceding daikn inooirporaT- 
ing a dis-change envelope of U-shape having 

15 two paraEd straight 'limbs formed by a short 
curved portion, vsrherein each limb of the 
envdope is fodmed wMi a pliiraility of said 
flaitteaed legLODS. 

7. A sodium vapooir dcctric disdaaxge lamp 
20 acoordang to Olaiim 6 -wihorem! .tihe maximum 

diameters of ihie fiaittened ireguuis of both 
iimbs aie paraSld to die pilane cootaining the 
Q306S of iche liiiibs* 

8. A sodkim vapour deotric <£6diajiige lamp 
25 accocddnig to Claim 6 or 7 wherein the dis- 
charge eiwdope is mounted withm: a single- 
walled evacuated outer jaclcet, and eaidh limb 
of the envdope is individuailly provided with 
a sleeve of Jtransparenit heat-^suwing material 

30 whidi fits dossdy round flihe tLimb ai^l ex!tends 
substanrdaiUy the whole length rbeceof . 



9. A sodium vapour dectric disdiarge lamp 
accoiidiag id Oaim 8 whereb; tlie outer sur- 
face of ite envdope at the curved end is 
coated with a layer of heaitnreflecting maiterial. 35 

10. A sodium vapour deotric discharge 
lamp aocoirding ito any preceding diadm where- 
in at feast the part of the envdope immedi- 
aitdy bounding the disd:iairge spaso^ is formed 

of 3 iglass whldi is higlhly resistant to hot 40 
soditim vapour so thajt it does not become 
appreciably disodoured in use of the lamp. 

11. A sodiimi vapour dectric dischiargie 
lamp according ito Oteim 10 wherdn the pant 

of die envdope immediatdy sunrounding the 45 
discharge space as a borate ^ass having the 
following composition by weight: — 

B2O3 - - 25.0% 

K.O - - 5.5% 

CaO - - 9.0% 50 

BaO - - 36.0% 

AWa - . 24.5% 

12. A sodium vs^iofur dectiric dischaxce 
lamp of die type spedfied subsitamdaffily as 
shown ah and as heitdmbefare descobed witih 55 
xeBererKCe to Fi^pries 1, 2 and 3 of die draw- 

iag aoaompanymg the provisioi^ spedfica- 
tioii. 

For die Applicanits : 
J. E. M. HOLLAND, 
Ch-arcered Paitenit Agent. 



PROVISIONAL SPECIFICATION 

Impi-ovements in or relating to Sodium Vapour electric discharge 

lamps 



We, The General Electric Company 

60 Limited, of Magnet House, Kdngsway, 
London, W.C.2, a British Company, do here- 
by dedare diis dnventioia to be described in 
the foMowinig statement: — 

This inventtoui rdaflies .to sodium vapour 

65 deotric discharge lamps of the positive ooilumn 
type having an enlonigated tubular disdiarge 
envelope containing a pair of thormianicaily- 
emissive deotrodes located at oppoatje ends 
of due envdope, a quantity of sodium for pro- 

70 vicing for a low pressure sodiium: vspour elec- 
- fide <Sscharge between die decdzodes dn nor- 
md operadon of die Hatap, and a: fi'Hing of 
raie gas for enobiting die lamp to start and the 
sodium vapour electric ^scharge to be 

75 devdoped, and rdat&s pairdcdarly to sudi 
lamps in which 'the r^jon of the disdharge 
envdope bttweseti dte deotrodes oondsts of 
or indudes one or more axially straight parts 
diait is to say one or moaie parts for which die 

80 oomresponding lengdi of the tube axis is 

V straight. 

The iterm " low pressure " implies that the 
lamp is of the kind ia wMdi die sodium 
vapoiur pressure in normal operationi is much' 

85 less than 1 millimefire mercury, oxsuaSly aibout 
; 0.01 mji'limetre mercury. 



The form of sodium vapour electric dis- 
diarge Aamp which is in most commom use at 
the present time has a discharge envdope in 
the diape of the Jietter U, oansisdng of two 90 
paralld straight limbs joinied by a shioat 
curved portionj and surrounded by a heaJt- 
cansarvinig ooitor jadcet, die invention is par- 
ticularly, dixxugh not exdusivdy, concerned 
with sodium vapour lamps of ithis kind. 95 

One difBcaiky whidi lias often been ex- 
perienced with sodium vapour ibmps of the 
type spiecified is that die sodium fflilirigj which 
is prefarably initiailly distribuited along the 
iengdt of die discharge pe^ tesbds to migrate, 100 
d^e to die pbenomeiioai of thermal diffusioiE, 
towards die parts of the envdope whdcib 
main rdadvdy ood in operaiGkm. Such paoits 
may be a few in muxtiber smd spaced widdy 
apart, and diis can resuilt in odner pants of 105 
the eufvelope beaMmng starved of sodium 
vapour, with ai oonsequeat teductioini in die 
light output from diose parts and a fall' in 
the efficiency of the lamp as a whole. 

The resullant iloss in efficiency brought 110 
about by the migraition of the sodium fiUing 
withia the envdope often limits the useful 
life of ai sodium lamp of the type specified tto 
m uadeskably Jow value, and the object of 
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the pressnt iaventicn is to providfe a form of 
Jamp in yvhich this difficulty is ireduced. 

According itx> the invention in a sodium 
vapoiur electric discharge lamp of the type 

5 specified having a ituhular disdiairge envelope 
formed with at least one axially strai^t part, 
the or each said straight pant of the ©nvdope 
is foimed with a plurality of flattened (regions 
of relatively long axial length and of rda- 

10 tively small area of cross-section^ separated by 
antermediatJe regions of (relatively short axial 
lengch 'having itihe full ar^ of ciross-section of 
the (tube, Twith each, flattened region of the 
envelops having m each crofss-section of the 
tiegion a maximum' diameter which as noit 
signcficaiidy less than that of the dnisiinediaiGe 
regions. 

In the above statement of .the invention and 
— hereinaf tar the expression " cross-section " as 

*^ applied to the discharge tube means the 
ciicss-section at iright angles ito ithe (tube axis. 

In oporaition of sudh a lamp the current 
density in the flattened iregioois is greater than 

r- that in the intermediate regions, and as a 

25 iiesult die flattened (regions are maintained at 
a higher temparature, Sie inteonediate iregions 
then ooinstituting nelajtively cool parts of the 
eaveiope at which the sodium fililing tends to 
ooiMect due to thermal diffusion, the presence 

3^ of .the sodium in (the regions ithereby tcending 
to keep (the adjoom'ng fiatitened regions 
supplied with sodimn vapour in use of the 
lamp. The inteimsdiate regions should, of— 
course, be suitabiy olosdy !q>aced along the 
discharge envelope. 

On the either hand die flatitieined regions 
should be sufficientiy long, and arranged to 
operaite at su'ch a icempetature with respect to 
the intermediate regions, that die transfer of 
sodium from one intarmediate region ito the 
next is substantially avo6dsd. The tem^pera- 
ture at which die flattmsd regions are main- 
tained in use of the lamp will be determined 
by .their cross-seotional airea compared with 

^ that of the intermediate regions, and the 
smaller thek* cross-section the higher in 
general, will be dieiar operaiting itempeirature. 
However the lednctioo]. in die anea of cross- 
section in any of .tbie flattened regioins of the 

50 eaevlope stould not be so great that the volt- 
; necessary for starting itiie lamp is exces- 
sively increased. 

We have found >that, in generail, the tern* 
psrature of the flattened regions can be main- 

55 tacned at a suitably hiigh value compared vwth 
diat of die immnediait^ legicms by maldng 
the cross-sectional area of the flattened regions 
approximately i to } of that of die inter- 
mediate (regions. 

60 Breferabiy in each flattened region of the 
envelope, the envelope wall is flattened on 
opposite sides of the tube axiis, with the 
flattened • parts of the envelope wall in said 
region pr^erably lying paralld to each other. 

65 : Since, the Tnaximum diameter of each of the 



flattened i?egions of -the envelope is net sig- 
nificantly less than the diamete'r of the inter- 
mediate regions, there will be no appreciable 
reduction in -the width of the discharge in a 
flattened region as measured in the direction 70 
of die maximimi diametersj the initial light 
output from a saiid flattened region perpen- 
dicularly to the maximum diameters will net, 
thsrefcre, be significantly less than that ob- 
tainable in <the same direction from a corre- 75 
sponding length of a similar lamp having the 
same cross-section as the intermediate regions, 
and may, in fact, be greater, depending upon 
the particular dimensions of die flattened 
region, in view of the increased cutxenit den- 80 
sky. By a suitable dioxe on the number and 
size of die flattened icegioos the l^ight output 
may in some cases be increased to such an 
extent: diat the rtotal light output from the 
lamp as a whole is improved, despite the 85 
reduction in ilight output on djreotions parallel 
to the maximum diameters resulting from the 
narrowing of the discharge in the minimum 
width direotiicins of the flattened reg.'ons. 

In addiition owing to the reduction in the ^ 
rate of sodium migration the light output from 
a 'lamp in accordance with ihe invention is 
maintained more nearly constant over a longer 
periad of timie than is usuaUy the case with 
sodium lamps of die (type specified, the im- 95 
proved lumen maintenance thereby enabling 
3 particularly long useful lamp life to be 
obtained. 

PreSerably die maxmnim diamster of each 
flattened region is the same as diat of the 100 
intermediate regiions. In some cases however 
it may be larger, although it will be appreci- 
ated that it sho'uld not be so large that the 
edges of the flattened regions provide rela- 
tively cold paTits of the envelope at which the 105 
sodium condenses, since this could lead to 
the sodium gradually migrating along the 
edges frcm one intermediate region to another. 

The redudtion in light ooitput in directions 
parallel to the said maximum diamsters of 110 
the flattened regions will in many cases be an 
advantage rather than a disadvantage. 

For example a light source designed for 
stireet lighting purposes is usually required to 
provide a aight distribution having two direc- 115 
tions of maximum intensity extending gener- 
ally up and dovm ithe roadway, with the inven- 
saty falling off gradually bdow those dinec- 
tions ito a mira'mum value hnmediately be- 
neath the light source. .In lamps in accordance 120 
with the present invention for use in street 
lighting and other purposes requiring a similar 
light distinibutioffi die <fifferent flattened regions 
of the envelope are preferably arrangsd 
parallel to each other. Such a lamp*, when 125 
mounted with its axis horizontal, as is usually 
the case with sodium lamps, can then be 
arranged wddi the flattened regions approxi- 
mately vertical, so that the directions of maxi- 
mum lig^ ou^ut extend approximately hoxi- ^30 
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zontaily outwands on opposiite sides of the 
lamp axis; the iight intensky m tt!raiisv2isc 
vertical iptaoes wili ithea fall off gradually ito a 
imiimiTmnn. valus ioHnediatjeily bsneath ^ihe damp, 

5 idieireby giving a light diatmibutioii of ithe fbnn 
which as igeiiarally required for sitreat lighting. 

Where the laioip has a U-shaped envslicipe 
arranged to be moimited mtb ens of the 
limbs of th-s eovalope tamediatssly above the 

10 Qiiier^ tiie flattened BraigomiS of bach iimbs of 
the envdiope arc {preferaibly fifnamged. pamailieil 
fsa itihe plaiie ootntaining ithe axes of die iHinbs, 
pneferably being airranged wiith the ma'ximum 
diameters lying in ithie said* (plane. 

15 la one sudi -lanxp coanjprising a U-shafpsd 
dbchftige envdoipe itavung two patrallel Umibs 
each, appiroxiinately 30 centinieilires in length 
and on which che intenuediaite iregions has a 
diameter of appii&simately 14 nidllinietres wiLth 

20 ^ aaea of cross-sectiDn of die flattened 
regions aipproQdmateJLy } oihat of the inter- 
miediate {regions, ^^rad resniks as regards die 
ledoitaion in sadanm miigration have been ob- 
tained by piroviding on each iimib of the 

25 enveiloipe three flattened regions each approixi- 
miately 50 (t» 75 millamssitres 'long sejparated by 
intermediiate regions aipproximaitedy 5 to 20 
miMimetres long. However the most suitable 
dimensions of «l±ce flattened regions and inter- 

30 mediate regions, and the most suitable! mim- 
ber for obtainixug a saicisfactTory tceducfiooni im 
sodium irMgp airifwTt lin. any fparticiilaEr lamp may 
leadily be ioxwd by tsasL 
JxL oiDe lamp ia aocxudance wiitht (&£ pre- 

35 senit inventioin ixavmg ai U^aped diisctoge 
enveloipe, the envelope is mounted within a 
fflngle-waHed evacuated ooiter jacl^, and each 
Hmb of the envelope is dndividxraSEy provided, 
in accordance wjth die invention described in 

40 Patent Specification No. 801>4823 with a sleeve 
of transparent heat-in'suLaiting maiterial whic!h 
fits dLosdy round the limb and extends sub- 
stantially die whole length dieneof. However 
the inventioni is also appOicable (to liamps- of 

45 die kind employing a double-walled outer 
jacket, commonly femown as a Dewar jacket, 
within which a U-iShaped disdharge envelope is 
airraniged to be deitachably mounlted for opieca- 
tioai of the liamp with air (^Diresent in it&e space 

50 between die enveSLope and the inner waiii of 
die outier jacket. 

The lempieasLlnire of die curved piaxit a 
U-shaped dischairge ennrdope tend's, in gieneral, 
ito be lower than die limbs> and in osder to 

55 maantaiini diis part at a high temperaiture die 
ouiter svBtface of die envelope at die curved 
end may be pfrovided w^dx a heatt irefieoting 
coating, for example a layer of diver or 
platinum! paikiit. 

60 TIms assists fin reducing any iCendency for 
die sodium to migrate froSai the upper to the 
lower (Limb of the envelope m opsrationi of 
die lamp. 

However die invention is nott lestricJted to 
65 lamps of die kind having a U-shaped dis- 



charge envelope, but can also be appilied ito 
lamps employiing a discharge envelope in -the 
form of a single straight tubular sectiiDn hav- 
ing an edeotrode at each end. 

In view of the increased currenit den-sity 70 
widiin the flactened regions of die envdope 
of a lampi in aa:ordance widi die invention 
and the consequentiy increased temperature 
of the eavekxpe wall dn saiid regioais at least 
the part of die envelope immedlaiDelLy bound- 75 
ing the dischairge space should be formed 
of a '^ass which ds higihly resis>tant to hot 
sodiuxu vapour so dxat it docs not became 
appreckbly diisooloured m use of the lamp. 
One sudi ^^ass is a boraite gjlass lhavanig die 80 
followiing appizoximaite composition by 
weighit:-'- 

BA - - 25.0% 

KiO - - 5.5% 

C^O - - 9.0% 85 

BaO - - 36.0% 

AlA - - 24.5% 
Odier suiitabie glasses will, however, be 
apparent ito dio«e sfciiEed in »the art of glass 
techncdogy. In some cases the whole of the 90 
envelope may be formed of said sodSimi 
resisitant glass although in general it well 
usually be more convenieot to form the 
tubular envelope mainly of a different glass, 
for example, a common soda gjlass, provided 95 
wddi an iniDemal coaidng of sodium resistamt 

One damip m aoooirdance vnah the present 
invention having a U-'^iiaped dischaxge 
envelope seaHed wkhdn a singjc-walled evacn- iqO 
ated outer jacket wiH now be described by 
way of example widi reference to Figures 1 
to 3 of die aooompanying schematic drawing 
in which: — 

Figures 1 and 2 repressent a plan view and 105 
a side view respectivdy of die lamp with the 
outer jacket shown in part-motion; 

Figure 3 represents a transverse section 
through the (Lamp in due plane represented by 
dfee line XX of Figure 2. no 

Thus leferring .to die drawing die U-sihaped 
tubular glass discharge envelope 1, which has 
mvo fparallel straight limbs, eadi approxi- 
mately 32 osutimetres ionig joined by a short 
curved portion, is focmed from two ply tub- 115 
xog, coms^ting madndy of soda glass vf^dt an 
inteumail ooaitmg of sodhim cesisttant borate 
glass, having an internal diamefter of about 14 
mi'lliimeitres and a walil diicknes of aibout 1 
miliHmetre. 120 

The envelope is filled with neon oomtainias 
approKuiHiCeiy 1.0% krypcron and 0.1% xenon 
at a total psessune of abouiC 14 nnlHnzetre 
mercury. 

The iamp deoirodes 2, which are of the 125 
alkaline earth oxide kind employed in known ■ 
forms of sodium lamp', are mounted near the 
ends of the dischairge envelope to provide an 
a(rc iengidi of approximately 600 mallimotries. 

The discharge envelope itself is moimted 130 
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within a: cylindrical glass outer Jacket 3 of 
50 miMimsDrcs external diameteo: and. having 
a wall thickness cf abont 15 anillimetre, the 
jacket being cil<3sed at one end by a hemi- 

5 spherical doims 4 and. at iche othetr end by a 
pinch^ feat-tube 5. 

Two stout mounting wires 6 are sealed into 
the pinch 7 of .the foat-*tube, the ends of the 
wires within the jacket 3 treing bent out- 

10 wards away from each; other as shown in 
Figure ly and each bedng connected, for 
example by spoit-welding, ito die ends cf an 
appipopriaite pair of electrode leads 8. These 
mounting wires 6 conaect lihe electrode leads 

15 8 ito the fcerminais 10 of a bayonet type lamp 
cap 11 secured itx> the adjacent end cf the 
j-acksc by a suitable cement and also support 
the adjao^t end of die disdhairge eavelope I 
within die jacket. A diculair mica disc 9, hav- 

20 sloas idiioii^ wluch die prnx^asd ends of 
die iambs of t£e dischtcr^ envdope project, 
extends outwards into contact with inner 
surface of lihe outer jacket and assists in sujp- 
poiidng die adjacent end of die disdhargs 

25 envelope a;gainst {[ateoral ntovement widim die 
jadceit. 

Over each Mmb of die discharge envelope 1 
tts fitted a cylindrical gjlass sleeve 12 (shown 
partly in section in Figures 1 and 2) having 

30 an ontemgi diameter of approximately 18 
mililimatres and a wall diickness of about 0.5 
tX) 0,75 millimetre^ die sleeves exitaiding sub- 
stantialily die whole length of die limbs. 
A metal spring member 13 fits between die 

35 Hmbs at due curved end of die disdiarge 
envelope and is provided with outwairdly- 
diirected flanges 14 which bear agamst die 
adjacent ends of die 6>leeves and inge didr 
opposiitie ends agacnst die disc 9> die disc and 

40 die member dms suppoartnng die sleeves 
against axial mcwement on die dimbs; die disc 
9 is itself held in position by means of a pair 
of metal starring wires 15 which are each con- 
neoted .to an appropriate one of die mounting 

45 wiires 6, pass througji corresponding holes in 
die disc, and are andiared at the opposite 
end of ithe envelope to a mica, tag 16 cainried . 
by a spring dip 17 which fits over diat end 
of die envelope 1 and suppoints it against 

50 transverse movement widiin die outer jadcet 
as described m co^pending Patent AppHca- 
don No. 10757/55. . • 

The spring member 13 is aJso prowded 
widi spring &igers 18 whidi eKOend imto die 

55 space between die odjaceDit ends of die sleeves 
and die zespecdve iunibs of dxe envelope for 
preventmg nhe ends lof die sHeeves from rattHing 
on die ilimbs. 

The outer jacket 3 is evacuamed and con- 



tains two getter elements 19 attached to the §0 
mounting wires 6 on oppoate sides of the 
foot^tube 5 for cleaning <up residual gas and 
for maintaining the vacuum within the jadcet 
during the life cf die lamp. 

In accordance with die invention each limb 65 
of die disdiarge envelope ds formed with three 
flattened regions 20 each approximately 60 
millimetres in length, die flattening being 
effected so diat the major axis of eadi SatDened 
region dies in the plane containing -the axis 70 
of die two limbs ctf the discharge envdupe; 
die flattened sides of eadb flattened region 
are substantially parallel and are internally 
spaced apart a distance of between 4 and 5 
miilli'matres. Hie extreme ends of die two 75 
outer flaiccened regions are approximately 
equaMy spaced fnHDi die adjacent ends of die 
•limbs am die initermediate iregions of die 
envelope 21, whidi have die full orosSHsecdon 
of the tube, are appmo^maitdy 15 millimetres 80 
in lengdi. 

Wiii such a form of discharge envelope the 
rate of sodium migration (is considierably 
reduced, and die light output is consequendy 
maintained at ai stable value for a longer 65 
period dian would otherwise be die case. 

The lamp, wihich as designed particularly 
for siresc digjiting purposes, is arranged to be 
operated with die limbs approximately hori- 
zontal and wiidi one direcdy above die other W 
as is .usually die case with known sodium 
vapour lamps of die kind having U-shaped 
disdiarge envelopes employed for street 
lighting. Since die internal diameter of die 
two limbs of die envelope in vertical planes 93 
ds constant along die length of the limbs diere 
is no leduotion in die width of die dis- 
charge lin vertical planes, and owing to die 
increased current densiiy in die flattened 
regions the initial ilighit output from th& lamp 100 
in horizontal directions is significandy greater 
dian that cbtaiined from a simiiar lamp in 
which the envelope as formed of die same dia- 
meter tubmg but not provided widi flattened 
regions.- 105 

The flaictening of die ertveloire is con- 
veniendy eSBected in manufacture of rhe lamp 
by heating die appioporiate regions of the 
itubular envelope waiH before sealing off to 
an approprtiate high temperature, and pressing 110 
die heat-sof4med iregions inwards between 
opposed dies whilst die pressure within the 
envelope is maiatained at sh'gbdy greater 
(than atmospheric pressure. 

For die Applic^ts : 
J. E. M. HOLLAND, 
Charteied Patent Agent. 
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/ SHEET Yfji^ drawing is a reproduction of 
the Original on a reduced scale. 
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